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TURBOaT E H G m  WITH FIXED-AJilEA EXHAUST BOZZLF: 
By Harry E, Bloomer md Robert R. Miller 
An investigation t o  determine the al t i tude performance of the 
J57-P-1 turboJet engine and components was conducted a t  the NACA Lewis 
al t i tude wind tunnel. Data were obtained over a corrected inboard rotor 
spead r a g e  from 56 t o  106 percent of rated speed, with intercompressor 
bleeds both open md closed, a t  al t i tudes from 15,000 t o  50,000 feet  and 
a t  a f l igh t  Mach number of 0.81. The corresponding range of Reynolds 
number indices was fram 0.858 t o  0.213. A l l  data presented were obtained 
with a fixed-area exhaust nozzle sized according t o  the manufactureras 
specification. 
Over-all engine performance parameters are presented as functions 
of inboard rotor speed corrected on the basis of engine in le t  t ~ p e r a t u r e ~  
Cmponent parameters are presented as  functions of their  respective cor- 
rected rotor speeds. A tabulation of a l l  perforntance data i s  included 
i n  addition t o  the graphical presentation. 
Corrected net thrust is wusud ly  sensitive t o  changes i n  corrected 
inboard rotor speed i n  the high speed region. A change of 1 percent i n  
speed, a t  sated speed, produced a change of' 6 percent i n  corrected net 
tmst . 
A t  rated engine speed, increasing the altitude from 15,000 t o  
50,000 feet  a t  a constant f l ight  Mach number of 0.81 increased the 
specific fuel  consungtion 13 percent but did not affect corrected 
net thrust. 
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INTRODUCTION 
At the request of the Na;vy Department, Bureau of Aeronautics, an 
investigation of the J57-P-1 turbojet engine performance was made in 
the altitude wind tunnel at the NACA Lewis laboratory. Presented herein 
are the engine performance data obtained with a fixed-area exhaust noz- 
zle during the first phase of the investigation. 
Data were obtained over a range of corrected inboard rotor speeds 
from 56 to 106 percent of rated speed, at altitudes from 15,000 to 
50,000 feet, at a flight Mach number of 0.81. The corresponding range 
of Reynolds number indices was from 0.858 to 0.213. 
At low rotor speeds, during norm1 engine operation, a portion of 
the engine air flow is bled overboard from between the compressors. This 
is done to avoid compressor surge which occurred at low rotor speeds. 
Data were obtained with and without compressor bleed over the entire 
range of rotor speeds investigated to allow an examination of the effects 
of bleed on surge and engine performance. 
The purpose of this report is to make available the altitude per- 
formance data of the J57-P-1 turboJet engine in usuable form with a 
minimum time delay. Accordingly, all engine and component parameters, 
with the exception of ideal jet thrust, are presented only as functions 
of corrected rotor speed. 
ENGINE INSTrnTION m LNSTRUMENTATION 
Engine 
A cross sectional. view of the J57-P-1 turbojet engine is shown in 
figure 1. This is a two-spool turbodet engine; the outboard rotor con- 
prises a 9-stage axial flow compressor driven by a 2-stage turbine) the 
inboard rotor is made up of a 7-stage axial-flow cqressor and a single- 
stage turbine, The compressors were connected to their respective tur- 
bine units by means of co-axial shafting. The combustor is of the can- 
nular type having eight tubular liners each with a piloting cone and 
six duplex fuel spray nozzles, 
The engine is equipped with two cmpressor bleed ports, which bleed 
air from the discharge of the outboard compressor, thereby lowering the 
outboard compressor pressure ratio and avoiding compressor surge. Open- 
ing and closing of the compressor bleeds is scheduled by outboard rotor 
speed and engine inlet total temperature. Depending upon the value of 
engine inlet total temperature the bleeds are scheduled to open or close 
between 5195 and 5660 rpgl of the outboard rotor. 
The fixed-area exhaust nozzle, used during this phase of the engine 
performance evaluation, was fabricated with the hot discharge area, 2.58 
square feet, prescribed in the manufacturerts Hardbook of Overhaul 
Instructions, and was installed on the engine together with elon- 
gated tail pipe. The purpose of the elongated tail pipe was to permit 
the measurement of accurate pressures and temperatures at the exhaust 
nozzle inlet. 
The data presented in this report were obtained with an inboard 
turbine first stage nozzle and an engine fuel flow divider different 
. 
than those installed on the engine at the time of the manuf"acturerts 
rating. The effects of these differences on engine thrust and specific 
fuel consumption were investigated and found to be negligible wer the 
range of conditions tested. The ma;nufacturerls rating of the J57-P-1 
engine tested (serial no. P420 150) was 9500 pounds thrust at an inboard 
engine speed of 9602 rpm, sea level static conditions. 
Instrumentation 
The location of the instrumentation stations is shown in the cross- 
sectional view of the engine in figure 1. In addition, a table is in- 
cluded indicating the number of total and statfc pressures and the num- 
ber of total temperatures measured at each station. 
Installation 
The J57-P-1 turbojet engine is shown installed in the altitude 
wind tunnel test section in figure 2. Ambient air was dried and either 
heated or refrigerated and then supplied to the engine by means of inlet 
ducting. The engine was supplied fuel of" the type MIL-F-5624A grade JP-4 
from the facility fuel system. 
Performance data were obtained at a flight Mach number of 0.81 at 
altitudes from 15,000 to 50,000 feet. Inboard rotor speed was varied 
from 5100 to 9700 QIU st every altitude except where compressor surge, 
overtemperature operation of the turbine, minimum fuel flow (approxi- 
mately 200 lb/hr, minimum allowable setting of test facility fuel con- 
trol throttle), or combustor blow-out were limiting factors. Data were 
obtained over the entire operable range of engine speeds at all alti- 
tudes investigated with the compressor bleeds both open and closed inde- 
pendent of the bleed schedule. 
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Turbine temperature limit was determined from the average of four 
control thermocouples equally spaced at the outlet of the outboard tur- 
bine. The average turbine outlet temperature was not allowed to exceed 
1100~ F (1560' R). Engine inlet temperatures were set at standard mACA 
values for each flight condition. 
Ideal jet thrust was calculated from pressures and temperatures at 
the exhaust nozzle inlet. Jet thrust was calculated by assuming an ef- 
fective velocity coefficient of 0.975, see reference 1. The symbols 
used in this report are defined in the appendix. 
RESULTS AND DISCUSSION 
All of the fixed-area engine data obtained during the altitude per- 
formance investigation are comgiled in table I. 
Engine Performance 
The relation between the inboard and the outboard corrected rotor 
speeds is shown In figure 3. A change in engine inLet Reynolds number 
did not change the speed match of the two rotors; but opening of the 
compressor bleeds does produce a small change in the speed match. 
Flagged symbols indicate operation with both compressor bleeds open 
and refer to the right hand ordinate. 
The occurrence of compressor surge causes a discontinuity in the 
engine steady state operating line, with the bleeds closed, at each 
flight condition investigated, The boundaries of these surge regions 
are denoted in appropriate figures throughout this report by crossed 
symbols. For compressor surge information see reference 2. 
Engine inlet corrected air flow is presented in figure 4 as a func- 
tion of inboard rotor speed corrected with station one pressure and tem- 
peratures to sea Level static conditions. The open da"ca points represent 
engine air flow with bleeiis closed, The flagged data points indicate the 
air entering the outboard compressor with bleees open. The solid data 
points indicate the air entering the inboard compressor when the bleeds 
are open. Corrected air flow at rated corrected inboard rotor speed was 
163 pounds per second at Reynolds number indices greater than 0.612, As 
Reynolds nmber index is decreased below a value of 0.612 air flow de- 
creases (154 lb/sec at a Reynolds number index of 0.213). 
The Vgriations of corrected fuel flow, exhaust gas temperature, and en- 
gine pressure ratio are shown as functions of inboard corrected rotor speed 
in figures 5, 6, and 7, Fuel flow and exhaust gas temperature increase as 
Reynolds number index decreases. The limit marks at the high speed 
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end of the temperature curves, figure 6, indicate the point of limiting 
turbine outlet temperature and w i l l  a lso  appear where practical i n  fol- 
lowing figures. Engine pressure ratio, figure 7, i s  not affected by 
Reynolds number as  much as fuel  flow and temperature but an increase i n  
pressure ra t io  does occur a t  the low value of Reynolds number index, in  
the high speed range. As would be expected, bleeding a i r  from the cam- 
pressor has a pronounced effect i n  lowering engine pressure ratio. 
The variations of corrected net thrust and specific fuel  consump- 
tion with corrected inboard rotor speed are presented i n  figures 8 and 
9. Although there i s  no effect of Reynolds number on je t  thrust there 
i s  an increase i n  minimum specific fuel  consumption from 1.057 t o  1.169 
i n  decreasing the Reynolds number index from 0.858 t o  0.213. Thrust i s  
very sensitive t o  changes i n  inboard corrected rotor speed in  the high 
speed region. A speed change of 1 percent, near rated, produces a 6 per- 
cent change i n  net thrust,  
Ideal je t  thrust i s  presented as  a function of exhaust nozzle pres- 
sure drop parameter, 1.25 p9 - Po ' i n  figure 10. These data correlate 
t o  one straight l ine  a s  predicted i n  reference 3. 
Canponent Performance 
Outboard compressor. - Outboard compressor corrected- a i r  flow, pres-. 
sure rat io,  and efficiency, are presented as functions of outboard cor- 
rected rotor speed in  figures 11, 12, and 13. The a i r  flow data (fig. 
11) are similar i n  appearance to the data shown i n  figure 4 where the 
same a i r  flow was plotted against inboard corrected speed. There i s  
l i t t l e  effect of Reynolds number on pressure ra t io  ( f ig .  1 2 )  but opening 
the bleeds drops the pyessure ra t io  from 3.60 t o  3.25 a t  a speed of 6000 
rpm and a Reynolds number index of 0.858. Open bleeds, however, allowed 
the compressor to  operate s t a l l  f ree  over the complete range of engine 
speeds and Reynolds number indices, (see ref. 2 .  ) Outboard compressor 
efficiency, figure 13, changes from a m a x i m u  of 88.3 percent a t  a 
Reynolds number index of 0.858 t o  a peak value of 85.2 percent a t  an in- 
dex of 0.213 with closed bleeds. Opening the bleeds improves the peak 
compressor efficiency a t  a l l  values of Reynolds nunber index but the peak 
i s  also shifted farther from the design speed. Crossed symbols denote 
the boundaries of the compressor surge region. 
Inboard compressor. - Inboard colnpressor corrected a i r  flow, pres- 
sure ratio, and efficiency are presented as  functions of corrected in- 
board rotor speed i n  figures 14, 15, and 16. The trends i n  the a i r  flow 
curves, figure 14, are the same a s  those shown i n  figure 4 with about the 
same percent effect of engine in le t  Reynolds number. Inboard compressor 
pressure rat io,  figure 15, i s  affected more by changes i n  engine in le t  
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Reynolds nurnber than i s  outboard pressure ra t io .  Opening the compressor 
bleeds does not a f fec t  inboard pressure r a t i o  appreciably. Reynolds 
number, again, has sizeable e f fec t  on inboard ccanpressor efficiency 
a s  shown i n  figure 16. Maxkum efficiency changes from 87.5 t o  83-5 
percent over the range of Reynolds number index investigated. Opening 
the compressor bleeds, i n  the case of the inboard compressor, lowers 
efficiency; t h i s  i s  contrary t o  the trend shown i n  outboard campressor 
efficiency. 
Over-all compressor uni t .  - Over-all compressor a i r  flow i s  pre- 
sented i n  f igure 4 and was discussed previously. Over-all compressoE 
pressure r a t i o  and efficiency are  presented a s  functions of corrected 
inboard rotor  speed i n  f igures  1 7  and 18. Pressure r a t i o  i s  affected 
by engine inlet Reynolds number only a t  the high speed end and drops 
about 10 percent when the bleeds a r e  opened a t  rated speed. Over-all 
compressor efficiency, shows the same trends a s  the individual compres- 
sor efficiencies;  namely a decrease i n  efficiency with a decrease i n  
Reynolds number index, 
Combustor. - The variat ion of combustion efficiency and combustor 
t o t a l  pressure lo s s  a s  functions of corrected inboard rotor  spee% are  
presented i n  figure 19. Combustion efficiency decreases with the lower 
c ~ b u s t o r  pressures, associated with low Reynolds number indices. A t  
rated speed, peak efficiency changes from 99.4 t o  97.1 percent over the 
range of Reynolds number indices covered. Combustor t o t a l  pressure lo s s  
decreases from a value of about 8 percent a t  the lower corrected speeds 
and leve ls  off t o  5.5 percent a t  rated engine speed. 
Over-all turbine uni t ,  - Over-all turbine pressure ra t io ,  corrected 
gas flow, and turbine efficiency a s  functions of corrected inboard rotor  
speed pare shown i n  figure 20, Turbine pressure r a t i o  r i s e s  t o  a maximum 
value of about 4.43 a t  a corrected inboard speed of 8500 r p m  and remains 
essent ia l ly  constant over the r e s t  of the high speed range. A constant 
value of corrected gas flow i n a c a t e s  tha t  the turbine i s  operating with, 
choked flow over the range of speeds investigated. Over-all turbine ef- 
ficiency shows a clefinite effect  of engine i n l e t  .Reynolds number, espe- 
c i a l l y  a t  the lower value of corrected rotor  speed. A t  the highest values 
of Reynolds number index the turbine efficiency i s  almost constant a t  85 
percent over the range of speeds investigated. The low values of 
Reynolds number index bring about a decrease i n  efficiency t o  83 percent 
a t  rated speed. 
Lewis Fl ight  Propulsion Laboratory 
National Advisory Committee f o r  Aeronautics 
Cleveland, Ohio, April  26, 1954 
The following symbols a re  used i n  t h i s  report: 
F~ 
j e t  thrust ,  l b  
idea l  j e t  th rus t  lb ,  calculated frcan pressure and temperatures a t  
FJ9 the exhaust nozzle i n l e t ,  i b  
Fn net thrust ,  l b  
Q acceleration due t o  gravity, 32.2 fi/sec 2 
M Mach number 
rotor  speed, r p m  
t o t a l  pyessure, 1b/sq f t  
s t a t i c  pressure, lb/sq f t  
gas constmt 
t o t a l  temperature, OR 
s t a t i c  temperature, OR 
velocity, f t / sec  
air f l m ,  lb/sec 
f u e l  flow, lb/hr 
gas flaw, lb/sec 
r a t i o  of specific heats 
where 
6 r a t i o  of absolute t o t a l  pressure i n  engine t o  absolute s t a t i c  
pressure of MACA standard atmosphere a t  sea l eve l  
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'-I efficiency 
P density, slugs/cu f t  
f3 r a t i o  of absolute t o t a l  temperature i n  engine t o  absolute s t a t i c  
t e q e r a t u r e  of NACA standard atmosphere a t  sea l eve l  
cP r a t i o  of absolute viscosity of a i r  i n  engine t o  the absolute vis- 
cosity of a i r  of NACA standard atmosphere a t  sea l eve l  
U 
* Reynolds number index 
Subscripts: 
a a i r  
b combustor 
c combined 
cr c r i t i c a l  
i idea l  
i n  inboard 
out outboard 
t turbine 
0 a l t i t ude  t e s t  condition 
1 outboard compressor i n l e t  
2 inboard compressor i n l e t  
3 inboard compressor discharge 
4 inboard turbine i n l e t  
5 outboard turbine i n l e t  
6 outboard turbine discharge 
9 exhaust nozzle i p l e t  
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TABLE I. - ALTITmlE PERFORMANCE DATA OP TIDA J-57-P1 TURBOJET ENGINE 
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TABLE I. - Continued. ALTITUDE PERFORMANCE DATA OF THE J-57-P1 TURBOJET ENGINE 
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Figure 2. - J57-P-1 turbojet engine instal led i n  a l t i tude  wind tunnel. 
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compressor b leeds  open 
@ Points  i nd ica t e  regions of com- 
operation i s  poss ib le .  ( @ 
surge boundary, no d a t a  point ) .  
Figure 3. - The va r i a t ion  of corrected outboard r o t o r  speed wi th  
correc ted  inboard r o t o r  speed over a range of Reynolds number 
indices .  F l i g h t  Mach number 0.81. 
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amount of air  flow 
tween compressors 
indicake both eom- 
s open - air  flow into 
Figure 4. - The variation of corrected a ir  flow with corjrected 
inboard rotor speed over a range of Reynolds number indices. 
Flight Mach number 0.81. 
Figure 5 ,  - The var i a t ion  of corrected f u e l  flow wi th  corrected 
inboard r o t o r  speed over a range uf  Reynolds number indices .  
F l i g h t  Mach number 0.81. 
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Figure 6. - The variation of corrected exhaust gas t o t a l  tempera- 
t u r e  with corrected inboard ro to r  speed over s range of Reynolds 
number indices,  Fl ight  Mach number 0,81. 
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Figure 7.  - The va r i a t ion  of engine t o t a l  pressure  r a t i o  wi th  corrected 
inboard r o t o r  speed over a range of Reynolds number indices .  F l i g h t  
Mach number 0.81. 
Figure 8. - The variation of corrected net thruet with cmected inboard 
rotor speed over R rsnge of Reynold8 number inclicee. Flight Mach 
number 0.81. 

Figure 10. - The va r i a t ion  of i d e a l  j e t  t h r u s t  wi th  exhaust nozzle pres-  
su re  drop parameter over a range of Reynold8 nwiber indices.  F l igh t  
Mach number 0.81. 
compressor bleeds open 
pressor  surge - no s teady s t a t e  
operation is  poss ib le .  ( @ 
surge boundary, no da ta  po in t ) .  
Figure 11. - The va r i a t ion  of corrected a i r  f l o w  wfth correc ted  
outboard r o t o r  speed over a range of Reynolds number indices.  
F l i g h t  Mach number 0.81. 
pnm-~n~irhm~ A T  
Flagged points i nd ica t e  both  
compressor bleeds open 
@ Points  i nd ica t e  regions of com- 
pressor  surge - no steady s t a t e  
operatl.on is  poss ib le .  ( @ 
surge boundary, no d a t a  p o i n t ) .  
Figure 12 ,  - The variation of outboard compressor pressure r a t i o  
with correc ted  outboard r o t o r  speed over a range of Reynolds 
number indices  ., Fl igh t  Mach number 0,81. 
PnlWAT~X!NTT AT, 
Figure 13, - The var ia t ion of outboard compressor efficiency with 
corrected outboard rotor. speed over a range of Reynolds nunber 
indices. Fl ight  Msch number 0.81, 
CQm3CDmIc6aL 
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Figure 14. - The va r i a t ion  of corrected Inboard air flow with cor- 
rec ted  inboard r o t o r  speed over a range of Reynolds numl~er indicea,  ' 
Fl igh t  Nach number 0.81. 
Figure 15, - The va r i a t ion  of inbosxd compressor pressure ra.t;io w j t h  
correc ted  inboard r o t o r  speed over a range of Reynolds number indieecp, 
F l i g h t  Mach number 0+81, 
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Figure 16. - .The variation of inboara compressor efficiency with cor- 
rected inboard rotor  speed over a range of Reynolds number indices. 
FLigl~t Mach number 0,81. 
Figure 17. - The variation of over-all CompTessor preeeure ratio wfth 
comeeted inbopt~d rotor speed over a range of Reynolds nmber tndieee, 
Flight W c B  number 0.81 
Figure 18,  - The vmis t lon  of over-all compressor efficiency with cur- 
xected inboard rotor  speed over a range of' Reynolds number indicees \ \ 
Flight  Mach number 0.81. 
F i g u r e  1 9 ,  - The v a r i a t i o n  of  combustion performance p a r m e t e r a  w i t h  
c o r r e c t e d  inboard r o t o r  speed over  a range  of Reynolds number i n d i c e s .  
F l i g h t  Mach number 0.81. 
Figure 20, - The var ia t ion of turbine parromance pmameters wlth eor- 
rected inboard rotor speed over s rmge of Reynolds number iradice8. 
Flight Mach number 0,81. 
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